Background: Gastric bypass (GBP) is the most common operation performed in the United States for morbid obesity. However, weight loss is poor in 10% to 15% of patients. We sought to determine the independent factors associated with poor weight loss after GBP.
R

OUX-EN-Y GASTRIC BYPASS
(GBP) is the most common bariatric operation used in North America. [1] [2] [3] When performed in high-volume centers and with a low rate of complications, GBP provides sustained and meaningful weight loss, [4] [5] [6] significant improvement in quality of life, 7, 8 improvement or resolution of obesity-associated comorbidities, 1, 9 and extended life span. 10, 11 Gastric bypass achieves weight reduction mainly through restriction of intake imposed by a small gastric pouch, but also by preventing contact between the food bolus and most of the stomach, duodenum, and first portion of the jejunum while delivering it in an alimentary limb of variable length in a Rouxen-Y fashion. 5, 12 However, 5% to 15% of patients do not lose weight successfully, despite perceived precise surgical technique and regular follow-up. 6, 13 Several factors thought to be associated with poor weight loss after GBP include older age, 14, 15 black race, 16, 17 male sex, 18 being married, 16 greater initial weight and body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared), 14, 16, 18 the presence of diabetes mellitus, 14, 18, 19 other obesity-associated diseases, 20 physical inactivity after surgery, 21 larger pouch area, 22 poor follow-up after surgery, 23, 24 and insurance status. 23 These factors include a variety of demographic and patient-related characteristics; however, 2 critical components of performing a GBPthe size of the gastric pouch and the length of the alimentary and/or the biliopancreatic limb-are seldom evaluated together as possible predictors of poor weight loss. Most centers in the United States, including ours, use a gastric pouch based on the lesser curvature of the stomach, with an estimated 30-to 50-mL volume and a 100-to 150-cm alimentary limb, 25 with longer limbs reserved for patients with a BMI of more than 50. [26] [27] [28] The size of the created pouch likely varies based on surgeon's technique and the patient's body habitus. 22, 29 In addition, most surgeons estimate the pouch size solely using anatomical landmarks. Only 1 study of 100 patients with 1 year of follow-up has shown an inverse correlation between gastric pouch area and weight loss, but the authors did not control for many other factors, including diabetes. 22 In addition, other studies that have evaluated factors associated with poor weight loss have not taken into account all possible patient-and operative-techniquerelated factors that may also affect weight loss outcomes. We therefore sought to determine, using multivariate analysis, the independent effects of patient-and operativetechnique-related factors on weight loss 1 year after GBP.
METHODS
STUDY POPULATION
Our study population consisted of 361 consecutive patients who underwent primary open or laparoscopic GBP from January 1, 2003, through July 30, 2006 , at the University of California, San Francisco, Medical Center. Follow-up data at 12 months were available for 310 patients (85.9%). Preoperative, perioperative, and postoperative data were collected prospectively. Patients with previous bariatric operations were excluded from this analysis. All patients met the following 1991 National Institutes of Health Consensus Development Conference 30 and the University of California, San Francisco, Bariatric Surgery Program eligibility criteria for bariatric operation: BMI of greater than 40, or ranging from 35 to 40 with highrisk, obesity-related comorbid conditions for at least 5 years; a documented attempt of medically supervised therapy for weight loss for at least 6 months; and participation in a 1-hour educational and screening session with a dietitian and a bariatric surgeon. All patients also underwent preoperative psychological, nutritional, and comprehensive medical evaluations. Informed consent was obtained from all patients. The study was conducted after institutional review board approval.
OPERATIVE TECHNIQUE
Open or laparoscopic approaches were used at the discretion of the attending surgeon, based on the clinical assessment and judgment of the likelihood and safety of performing the operation with each approach. The gastrojejunostomy suturing techniques were also used at the discretion of the attending surgeon. When conversion from a laparoscopic to an open approach was needed, the case was counted as an open case. Apart from the incision access, the GBP technique was similar for open and laparoscopic approaches. To create the lesser-curvaturebased gastric pouch, initial access to the lesser sac was obtained along the lesser curvature 5 cm below the estimated location of the gastroesophageal junction, usually at the level of the first gastric vein. Once the lesser sac was entered, one or two 3.5-mm linear staplers, 45 mm in length (Endo-GIA Universal stapler; United States Surgical Corporation, Norwalk, Connecticut), were used to divide the stomach in a right-to-left horizontal plane. Next, two or three 3.5-mm linear staplers, 60 mm in length, were used to create the gastric pouch divided at the level of the angle of His. Specific care was always taken not to leave redundant gastric fundus on the side of the gastric pouch.
A circular anastomosis with a 21-mm stapler (EEA stapler; Ethicon Endo-Surgery Inc, Cincinnati, Ohio) was used in 22 patients (7.1%), a circular anastomosis with a 25-mm stapler (Ethicon Endo-Surgery Inc) was used in 123 (39.7%), and a 1.5-cm anastomosis with a 3.5-mm linear stapler was used in 165 (53.2% ). An alimentary limb of 100 cm (n=263 [84.8%]) or 150 cm (n=47 [15.2%]) was measured, and a completely stapled side-to-side jejunojejunostomy was created. The biliopancreatic limb measured 40 to 50 cm from the angle of Treitz. The surgical technique and perioperative outcomes have been described in detail elsewhere. 31 One patient died on postoperative day 3 (0.3% mortality) owing to a massive pulmonary embolism. No other late deaths were identified.
POSTOPERATIVE CARE
Routine swallow studies of the upper gastrointestinal tract were obtained on postoperative day 1 for the first 299 patients, and a selective approach was used afterward. 32 Most patients were discharged on postoperative day 2 or 3. Patients were seen postoperatively at 2 weeks, every 3 months for the first year, and annually thereafter.
STUDY VARIABLES Weight Loss as Dependent on Outcome Variables
One-year weight loss outcomes studied were the percentage of excess weight loss (EWL), absolute weight loss, and absolute change in BMI. Calculation of excess weight loss was based on Metropolitan Life Insurance height and weight tables to determine ideal body weight. 33 For the multivariate analysis, weight loss was studied as a 2-level category (poor vs good). Poor weight loss was considered to be 40% or less EWL; good, more than 40% EWL.
Independent, Potentially Predictive Variables
The independent variables considered were age, sex, race (black vs other), marital status (married vs single), insurance status (private vs state carrier), initial weight and BMI, surgical approach (open or laparoscopic GBP), gastric pouch area (measured in square centimeters), gastrojejunostomy technique, alimentary limb length (100 vs 150 cm), and obesity-associated comorbidities. These comorbidities included type 2 diabetes mellitus (also studied in subgroups when using oral hypoglycemic agents only or with added insulin replacement), hypertension, hyperlipidemia, arthritis or degenerative joint disease, and obstructive sleep apnea. All predictive variables recorded, including medications used, were the ones defined in the immediate preoperative period.
Calculation of the Gastric Pouch Area
All pouch measurements were obtained from the routine swallow studies of the upper gastrointestinal tract on postoperative day 1. The imaging technique was standardized. An initial radiographic scout image was followed by oral intake of 20 to 80 mL of diluted diatrizoate meglumine and diatrizoate sodium USP solution (Gastrografin; Bracco Diagnostics Inc, Princeton, New Jersey) under fluoroscopic guidance and acquisition of multiple spot images. If no leakage of contrast was observed, the patient was given 20 to 80 mL of thin diluted barium to reach maximum distention of the pouch, and additional spot images were obtained. Finally, 1 or 2 extra overhead radiographic images were acquired. All images were available for review to calculate the pouch area. We used an anteroposterior radiograph to measure the height in centimeters of the vertebral body adjacent to the gastric pouch; next, we used fluoroscopic images to measure the same vertebra in pixels and converted that measurement to centimeters. The pouch height and width were then measured using the fluoroscopic image at the maximum distension point and converted to centimeters. The pouch area was then calculated (pouch heightϫwidth in square centimeters). All patients' pouch areas were measured independently by an attending radiologist (A.C.W.) and a surgeon (G.M.C.), who then together reviewed all measurements, resolving differences by consensus. The surgeon had no access to individual patient identifiers when measuring pouch area, whereas the radiologist was blinded to all clinical and outcome data. Only 36 of the 243 pouch measurements (14.8%) differed by more than 3 cm 2 , and these were resolved by consensus. Otherwise, the value obtained by the radiologist was used.
STATISTICAL ANALYSIS
We first assessed the unadjusted association of each variable with poor weight loss by using the 2-sided t, Wilcoxon signed rank, 2 , and Fisher exact tests as appropriate. Independent correlates of poor weight loss were identified using a multipredictor logistic model. Beginning with predictors associated with poor weight loss at PϽ.2 in unadjusted analysis, the final model was selected using a forward procedure with an entry criterion of PϽ.2. Overall goodness of fit was assessed using the Hosmer-Lemeshow 2 statistic. Linearity of the association between the pouch area and the logarithm of the odds of poor weight loss was assessed graphically and by adding a quadratic term in this predictor to the model. PՅ.05 was considered statistically significant. The analysis was conducted using Stata statistical software, version 10.1 (Stata Corp, College Station, Texas).
RESULTS
Demographic and clinical characteristics, comorbidities, operative data, and weight loss outcomes for all 310 patients who underwent GBP from January 2003 through July 2006 and completed 12 months of follow-up are presented in Table 1 . The mean age of our patients was 45 (range, 19-69) years, and 86.1% were women. The mean preoperative weight and BMI were 141.5 (range, 86.2-283.5) kg and 52 (range, 36-108), respectively. The most common obesity-associated comorbidities included obstructive sleep apnea (31.9%), diabetes mellitus (36.8%), and hypertension (64.8%). Most patients underwent a laparoscopic procedure (80.3%) and had an alimentary limb length of 100 cm (84.8%). The overall mean EWL was 60.2%. Thirty-eight patients (12.3%) had poor weight loss (Յ40% EWL) ( Table 2 ). The other weight loss outcomes (absolute weight loss, change in BMI, and final BMI) are also presented in Table 2 , and all were significantly worse (P Ͻ.01) for patients with poor EWL. Only 2 differences were found when we compared demographic and clinical characteristics, comorbidities, and operative data for the 51 patients who did not complete 12 months of follow-up with those for the 310 patients who did. The 51 patients without 12 months of follow-up had a lower prevalence of type 2 diabetes mellitus (17 
COMMENT
The primary desirable outcomes after bariatric surgery include low rates of perioperative and long-term complications, sustained and meaningful weight loss, significant improvement in quality of life, improvement or resolution of obesity-associated comorbidities, and extension of life span. All 5 outcomes have been shown to be feasible results of GBP performed at high-volume centers. 5, 11 Although modest weight loss has been shown to improve many of the metabolic complications of obesity, 34, 35 greater and long-term weight loss is likely necessary to obtain all of the long-term benefits observed with the operation. 1 Our overall results of 60.2% EWL fit well within the range of 57% to 65% reported at 1 year in other large series of patients treated with GBP. 1, 5 Although some authors have suggested that the nadir of weight loss after GBP occurs at approximately 1 36, 37 or 2 years after surgery, 13,38 weight loss varies greatly among patients, 15% of whom may not lose enough weight to qualify as having a successful outcome. The very definition of successful weight loss varies among previous studies, with some using 50% EWL as a cutoff. 14, 39, 40 We defined failure as 40% or less EWL because it was the cutoff used recently by Melton et al. 18 Identified predictors of poor weight loss after GBP could be used to develop more specific guidelines for informing patients preoperatively about the likelihood of a suboptimal outcome and for guiding the decision to undertake bariatric surgery. They could also be used to develop better strategies to overcome modifiable risk factors. Our multivariate analysis shows that only the presence of diabetes and a larger pouch size were independently associated with poor weight loss. Like our study, others have found that patients with diabetes mellitus have poorer weight loss after GBP than do patients without diabetes. 14, 18, 19 Although GBP is known to significantly improve or cure diabetes, we and others 14, 18, 19 observed an independent effect of this disease on weight loss outcomes. One possible explanation is that most of these patients take exogenous insulin and/or drugs used to optimize glycemic control (sulfonylureas, meglitinides, and thiazolidinediones) that increase circulating insulin levels and/or insulin sensitivity. Because insulin is a known anabolic hormone that promotes lipogenesis, stimulation of triglyceride synthesis, adi- pocyte differentiation, and muscle synthesis, [41] [42] [43] elevated levels may reduce the degree of weight loss after GBP. Other factors that may lead to weight gain in patients with diabetes include a "protective" increase in caloric intake to treat episodes of hypoglycemia, reduction of urinary glucose losses, and sodium and water retention that are a direct effect of insulin on the distal tubule in the kidney. [43] [44] [45] [46] [47] [48] [49] [50] These and the inherent metabolic derangements to glucose homeostasis that are caused by obesity likely converge to produce this effect.
Although strong evidence supports the importance of tight glycemic control in minimizing the microvascular complications of diabetes, 43 the weight gain associated with the use of insulin and insulin secretagogues may create a vicious cycle and a risk of worsening the patient's insulin resistance and other conditions. This combination of positive and negative effects is illustrated in results from the UK Prospective Diabetes Study, 43 in which 3867 patients with newly diagnosed type 2 diabetes underwent analysis. Patients were randomized to receive intensive therapy with a sulfonylurea or insulin or to receive conventional therapy consisting of diet modification alone. The risks of any diabetes-related end point and diabetes-related death were 12% and 10% lower, respectively, in the intensive treatment group than in the conventional treatment group, whereas average weight gain was a significant 2.9 kg greater in the intensive treatment group. Moreover, patients in the intensive treatment group who received insulin gained more weight, with a mean weight gain of 4 kg greater than that observed in the patients who received sulfonylurea. These results are consistent with our findings that diabetes was an independent risk factor for poor weight loss and that patients receiving insulin were at higher risk of poor weight loss. Although GBP has proved to be very effective in improving insulin resistance and decreasing the need for medications even before significant weight loss is observed, and although it does so at better rates than any other nonsurgical or surgical treatment, 1,51 a variable proportion of patients usually require some type of medication for proper postoperative glycemic control. This was true in our study, which found that most patients receiving oral medications or insulin before surgery were able to discontinue (74 of 114 patients [64.9%]) or significantly decrease (to Ͻ50% of preoperative doses) (103 of 114 [90.4%]) the use of medication for diabetes at 1 year of follow-up. Therefore, methods for achieving glycemic control that are not linked to weight gain, such as use of metformin hydrochloride, ␣-glucosidase inhibitors, and the newer class of diabetes medications such as glucagon-like peptide 1 receptor agonists (eg, exenatide) and the dipeptidyl-peptidase 4 inhibitors (eg, sitagliptin and vildagliptin), may be considered in patients who continue to need exogenous glucose control and thus may improve weight loss after GBP. The role of specific antidiabetic agents in weight loss after GBP should be the focus of future studies.
The restriction imposed by a small pouch size is one of the most important aspects of GBP. We know of only 1 other study that demonstrated an inverse correlation between initial gastric pouch size and EWL after GBP. In that study by Roberts et al, 22 100 patients underwent GBP, had gastric pouch size measured, and had follow-up data available at 12 months. The mean pouch size (64 cm 2 ; range, 9-248 cm 2 ) was more than double what we measured in our series (mean, 26 cm 2 ; range, 7-78 cm 2 ). Although we attribute this difference to the likely variability in the pouch measurements obtained between the 2 studies, it also demonstrates the variability in how different surgeons in different centers create a gastric pouch. Roberts et al also found an inverse correlation between initial gastric pouch size and EWL (r=−0.43) and that EWL was poorer in patients with larger pouches, results which support our findings. One other recent study 29 attempted to determine the association between pouch size and EWL in 59 patients 1 year after GBP, in 4 groups according to pouch size. Madan et al 29 failed to show a significant correlation, likely owing to a small sample size, to studying pouch sizes in groups, and to not controlling for other variables known to affect weight loss. Although pouch volume would be a preferable measurement compared with pouch area as was used in our study and the other studies mentioned, it was not feasible to obtain it routinely. Nevertheless, we believe that pouch area as measured using our methods is a useful surrogate for pouch volume, even allowing for individual differences in gastric wall distensibility. Many meth- ods are used to estimate pouch size intraoperatively. According to a recent survey, 25 70% of surgeons in the United States estimate pouch size by measuring the distance from the estimated location of the gastroesophageal junction to a variable distance in the lesser curvature of the stomach, and/or by the number of vessels in the lesser curvature; only about 20% use a sizing balloon. As the use of GBP continues to grow, we believe it is critical to stress the importance of and to teach the creation of the small gastric pouch and to better standardize the technique used for pouch creation.
Greater initial weight and BMI 14, 16, 18, 52 have previously been associated with poor EWL after GBP. A study of 494 morbidly obese patients, of whom 377 (76.3%) had complete follow-up at 1 year, found that higher initial weight and BMI were negatively associated with percentage of EWL because heavier patients lost a lower percentage of weight than did lighter patients (PϽ.001). 14 The following 2 main factors may support this finding in other series: a higher rate of other obesity-associated diseases with greater weight and BMI, and the fact that excess weight is by definition greater when weight and BMI are greater. Both factors may have put these patients at a disadvantage with respect to percentage of EWL. In contrast, in our study, greater initial weight and BMI were not found to be independent predictors of poor weight loss, showing that other factors are more important than initial weight and BMI.
Race was also not an independent factor predicting poor weight loss in our study, but others have found that association. 16, 17, 53 A combination of a few known factors may explain poorer weight loss in black patients, such as differences in body composition, fat distribution, resting energy expenditure, and thermogenesis 54 ; higher diabetes prevalence 55 ; cultural and social environment 56 ; and the basic definition of ideal body weight that possibly underestimates the ideal body weight in black patients. 56 Extending the alimentary and/or the biliopancreatic limb is one of the few technical variations of GBP that have been proposed to decrease the failure rate, but this effect has been shown only in patients with a BMI greater than 50. 26, 27, 57 Several alimentary and/or the biliopancreatic limb lengths have been reported, and those alimentary limbsgreater than 200 cm have been associated with more complications. Nevertheless, extending the limb length is a technical aspect of the operation that needs further study, and we suggest that the better approach may be to tailor limb extension on the basis of individual patient characteristics.
Although our study is 1 of the largest single-center series currently available, with predictor variables and outcomes obtained in 85.9% of patients, the study population comes from a tertiary care medical center and its demographics and clinical characteristics may differ from those of other centers. Therefore, our findings should be validated in a multivariate analysis of a larger, independent data set. Another limitation was our inability to determine whether postoperative use of medications for diabetes had an effect on weight loss because only preoperative medication use was ascertained. Other factors that may have affected weight loss for which data were not available in the present study include physical activity level, measures of body composition, and fat distribution before or after surgery. These variables should receive greater emphasis in future studies. An additional relevant finding that may bias our results was the lower prevalence of 2 risk factors for poor weight loss among the 51 patients omitted from our analysis because they did not have 12 months of follow-up data. This suggests that our estimate of the prevalence of poor weight loss may be slightly high; however, it is unlikely that the associations between risk factors and poor weight loss differ in the omitted patients. Finally, although careful adjustment using multiple regression may remove most confounding by measured factors, in particular when a liberal criterion for adjustment is used, as in our study, it cannot balance unmeasured confounders.
We conclude that GBP provides good or excellent weight loss for most patients. However, diabetes mellitus and larger pouch size are independently associated with poor weight loss after GBP. Changes in the use of diabetes medications may reduce the risk of poor weight loss among diabetics undergoing GBP. Detailed attention to the creation of a small gastric pouch is essential for achieving the best results. February 18, 2008 ; San Diego, California, and is published after peer review and revision. The discussions that follow this article are based on the originally submitted manuscript and not the revised manuscript.
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